A series of l-methyl-pterin derivatives (6-13) have heen synthesized by condensation and methylation ~C'actions. The compounds have been characterized by elemental analyses, pKa deterimations and UV spcc-:ra. Comparisons of the physical data of the corresponding N-I and N-3 methyl-pterins indicate why the :lOrmal pterins exist in aqueous solution preferentially in the NJ-H tautomeric configuration. The thermody-:1amical stability of the lactam group forces the acidic H-atom to adapt the nitrogen adjacent to the carhonyl :unction . but no other vinylogous position. A lactam group does not participate in heteroaromatic cyclic
Introduction
Studies of the fine structure of pterin (I). the basic :nolecule of most naturally occurring pteridines (2), ' 1 <1\(; revealed that the predominant tautomeric form n aqueous solution is represented by the 2-amino-:'tcridin-4 (3H)-one (I). This result is in agreement \\ith the fact that in the series of the common nitroen heterocycles amino groups exist always as such \\hcreas hydroxy groups adjacent to a ring nitrogen ,!lorn adapt the thermodynamically more stable lactam (I) in preference to the lactim or iminol form (2) (3).
It is interesting to note that the acidic proton of the lactam configuration is always bound at the adjacent ring nitrogen atom even if there are. from yalency considerations. other vinylogous positions available as. for example. the N-I (3) and N-R atoms (4) . respectively. in the pteridine nucleus. The amide function can therefore be regarded as a prototype of a strongly resonance stahilized tautomeric configuration which does not participate in interactions known as cyclic heteroaromatic stahilization or resonance (4) . In order to study the physical properties of the NI-H tautomers in comparison to the corresponding pterins a series of l-methyl-pterins have heen synthetized.
Results and Discussion
The synthesis of I -methylpterin derivatives is commonly performed by a so-called Gabrie/-lsay reaction (5) condensing 2.5.6-triamino-I-methylpyrimidin-4-one (5) with the appropriate l2-dicarhonyl compound. The starting compound 5 was applied in form of its dihydrochloride salt which resulted from reflux of 2.6-diami no-5-formylamino-l-methyl-pyrimidin-4-one in methanolic HCI. The latter product was prepared from 2,6-diamino-I-methyl-5-nitrosopyrimidin-4-one to which Roth et al. (6) have assigned the 3-methyl instead of the correct I-methyl structure. l-Methyl-{6) (1), 1,6,7-trimethyl-(7) (6) and l-methyl-6,7-diphenyl-pterin (8) (7, 8) have been obtained by condensation reactions with glyoxal, diacetyl and benzil, respectively, but 7 and 8 resulted also during alkylation of 6,7-dimethyl-and 6,7-diphenyl-pterin in a mixture with its 3-methyl isomer (8, 9) . Acetylation of I-methylpterin (6) by heating in acetic anhydride afforded N 2 -acetyl-l-methylpterin (9) in 77% yield.
The synthesis of l-methylpterin-6-carboxylic acid (10) is the result of a methylation reaction of pterin-6-carboxylic acid leading to a mixture of the I-Jand 8-methyl derivatives (10) .
I-Methyl-(11) and 1,6-dimethyl-isoxanthopterin (12) were achieved by condensation reactions of 1 with ethyl glyoxylate-ethylhemiacetal and ethyl pyruvate, respectively, giving moderate yields. Finally the I-methylleucopterin (B) resulted from a fusion reaction between 1 and oxalic acid at a temperature up to 200°C. Purification of this material could only be achieved by reprecipitation dropping an alkaline solution of 13 into dilute AcOH.
The newly synthesized compounds have been characterized by elemental analyses and their UV spectra of the various molecular forms (Table 1) based upon the spectrophotometrically determined pK,,-values (II) whereas the IH-NMR spectra turned to be not very informative and helpful in the discussion of stmctural features.
Comparisons of the pK values and UV spectra of the I-and 3-methylpterin analogs reveal very interesting information regarding fine-stmctural features of these molecules. It was found in all cases that the I-methylpterin derivatives are always somewhat stronger bases than their 3-methyl counterparts. These findings are in excellent agreement with the fact that those species are commonly prefered in tautomeric equilibria which show the least change on pH-variations. 3-Methylpterin, for example, reveals a basic pK" of 2.18 whereas the I-methyl isomer is by 0.6 pK units more basic. Pterin itself (I), therefore, adopts the N'-H form which offers a greater thermodynamical stability in a broader pH range. Another consequence of this stabilization is also reflected in the red-shifted long wavelength absorption band of the N '-over the NI-tautomer. It is furthermore noteworthy that both cation species show very similar UV spectra indicating that the I-methylpterin is protonated at the N-3-and 3-methylpterin at the N-I-position (\). The same behaviour is shown by the corresponding pairs of 6,7-dimethyl and 6,7-diphenyl derivatives. In the latter series besides the 1-(8) and 3-methyl-6,7-diphenylpterin also the l,3-dimethyl-2-immino-6,7-diphenylpteridin-4-one (7) is available showing expectedly a more basic pK" at 5.76 but forming the same type a cation by protonation at the imino function ( Similar comparisons are also valid for 1-( 10) and 3-methyl-pterin-6-carboxylic acid (14) (12) . Thc cations coincide here also regarding the main absorption bands at 320, 260-266 and 234-239 nm but 14 reveals an additional long wavelength absorption at 385 nm analogous to the cation of 3,6,7-trimethylpterin. These absorptions are derived from the fact that these molecules are not only protonated at N-I but to some extent also at N-8 giving rise to a much longer chromophoric system. The cation of 14 is therefore a mixture of two cation species according to the following equilibria: 14 The 1-( II) and 3-methyl-isoxanthopterin (13) as well as their 6-methyl derivatives are characterized by similar spectral features since their cations reveal very closely related spectra. In this series the cations of 3-methyl-and 3,6-dimethyl-isoxanthopterin again consists of a mixture of two species, the main component protonated at N-I whereas the lQng wavelength band with low extinction is due to a small concentration of the N-5 cation. The spectra of the neutral molecular forms are quite different (Fig. 3) and also the formation of their monoanions is associated with characteristic shifts of the long wave-Llok 1. Physical Data of 1-and 3-Methylpterin Derivativcs.
. ; -\1 eth yl-pteri n : -\1eth yl-pterin (6) " '-Acctyl-I-methyl-;'tclin (9) . ;.n.7-Tlimcthyl-pterin . . n.7-Trimcthyl-pterin (7) ; -\1 cthyl-6, 7 -diphenyl-
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. length band towards shorter wavelengths in the 3-methyl-and longer wavelengths in the I-methyl-isoxa nthopterins (Fig. 4) . It sho uld also be mentioned that I-methyl-isoxanthopterin (II) is a much stronger acid than its 3-methyl isomer despite th e fact that the hasicities of these two compounds show the reverse order of m agnitude. This fact is due to an acidifyi ng effect of the peli-Iocated I-methyl group which influences the acidic amide function from steric reason as recognized earlier in the lumazine series (14, 15) . I-Methyl-(11) and 1.6-dimethyl-isoxanthopterin (12) ity which is also seen in l-methyl-(6)-. L6.7-trimethyl-(7) and l-methyl-6.7-diphenyl-pterin (8) .
Finally 1-(13) and 3-methyl-leucopterin (16) can be regarded as an extension of the described features of the isoxanthopterin analogs. I-Methyl-leucopterin again is on one hand the more basic component and on the other hand reveals more acidic properties than its 3-methyl isomer from analogous reasons. The structural differences are furthermore reflected in the UV spectra of the corresponding molecular forms.
The I H-NMR spectra of the various 1-and 3-methyl-pterin derivatives are not very informative due to only a few signals of structural relevance. field by about 0.05 ppm is again observed in the I-methyl compared to the 3-methyl-pterin series. Some of the NMR data of these pterins could not been determined at all due to the insolubility of these compounds in DMSO.
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Experimental Part
General. TLC: precoated silica gel thin-layer sheets F 1500 LS 254 and ce11u1ose thin-layer sheets 
:.5.6-Triamino-l-methyl-pyrimidin-4-one dihydrochloride I S)
A suspension of 10 g (0.055 mol) of 2,6-diamino--fonnylamino-I-methylpyrimidin-4-one in 200 ml of ,aturated methanolic HCI was heated under reflux , t1H.1 simultaneous injection of HCI gas for 2 h to ,tchieve cleavage of the formy~ group. After cooling the precipitate was collected. dIied in a desiccator (l\er KOH to give 11.1 g (90%) of a colorless powder (If m.p.>280° (decomp.). Anal. calc. for C , H1N ,,0" 2HCI (225.1): C 26.68. H 3.58. N 31.12; found: C 26.5 I. H 3.64. N 30.96.
1.6. 7-Trimethylpterin (7) (6) In a boiling water bath 1.14 g (5 mmol) of 2.5,6-triamino-l-methylpyIimidin-4-one dihydrochloride (5) and 0.5 g of diacetyl were heated for 10 min with stirling. The yellow solution faded and an almost colorless precipitate separated which was collected after cooling. On recrystallization from water with charcoal 0.79 g (75%) af colorless crystalls of m .p.>350° were obtained. 
NC -Acety/-/-methylpterin (9)
In 5 ml of acetic anhydIide 0.177 g (I mmol) of l-methylpteIin (I) 
l-Methyl-isoxanthopterin (11)
A solution of 1.12 g (50 mmol) of 2.5.6-triaminol-methyl-pyIimidin-4-one dihydrochloIide in 25 ml of H 2 0 was neutralized by ammonia to pH 6, then 2.5 ml of ethyl glyoxylate-hemiethylacetal added and the mixture heated gently to 100° for 15 min. The yellow precipitate consisting of the corresponding Schiffs base, 2,6-diamino-5-ethoxycarbonylmethyleneamino-l-methyl-pyIimidin-4-one. was collected, dIied (0. (12) A mixture of 1.12 g (50 mmol) of 2's.6-triamino-1-methyl-pyrimidin-4-one dihydrochloIide and I ml of ethyl pyruvate were heated under reflux in 20 ml of H 2 0 for 20 min. On cooling a precipitate separated. The slightly yellowish crystals were collected and recrystallized from very dilute AcOH to give 0. (13) A gIinded mixture of 2.25 g (0.01 mol) of 2.5.6-triamino-l-methyl-pyIimidin-4-one dihydrochloIide and 10 g of oxalic acid were heated in an oil-bath first to 140° to give a homogeneous melt which could be stirred magnetically. The temp. was then gradually increased to 200° and kept here lar I h. The melt solidified partially during this procedure. After cooling the reaction mixture was heated with 50 ml of H eO. dilute KOH added till a clear solution was obtained. charcoal added and then filtered.
1.6-Dimethyl-l:mxanthojJterin

l-Methyl-Ieucopterin
The filtrate was dropped into boiling dilute AcOH to give a colorless precipitate which was difficult to filter. The colorless powder was dried at 100 
